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Oxidation of thioglycollic, thiolactic and thiomalic acids by pyridinium bromochrornate (PBC) is
first order with respect to PBe. The reaction exhibits Michaelis-Menten type kinetics with respect to the
thioacid. Oxidation of thiolactic acid has been studied in 19 organic solvents and the solvent effect has
been analysed using Kamlet's and Swain's multiparametric equations. A mechanism involving the for-
mation of a thioester and its decomposition in the slow step has been proposed.
Pyridinium bromo chromate (PBC) has been used
as a mild and selective oxidizing reagent in syn-
thetic organic chemistry'. However, there are only
few reports on the kinetic and mechanistic aspects
of oxidation reactions ofPBC2-5• There seems to be
no report on the kinetics of oxidation of thiol
function by PBe. In this paper we describe the ki-
netics and mechanism of the oxidation of thiogly-
collie (TGA) , thiomalic , (TMA) and thiolactic
(TLA) acids by PBC in N,N-dimethylformamide
(DMF).
Materials and Methods
The thioacids (Fluka) and dithiodiglycolic acid
(Evan Chemicals, USA) were commercial products
and were used as such. Dithiodimalic and
dithiodilactic acids were prepared by the oxidation
of the corresponding thiols by ferric alum". The
solutions of the thioacids were freshly prepared in
DMF and were standardized by titrating them
against a standard solution of iodine'". PBC was
prepared by the reported method'. Solvents were
purified by the usual methods",
Stoichiometry
Stoichiometric determinations, as well as the
characterizations of products, were carried out
polarographically using an automatic system
(Heyrovosky LP55A). It was found that the cathode
wave given by a known sample of the disulfide
dimer coincided with the wave given by the final
product of the oxidation. The reaction exhibited a
1:2 stoichiometry, i.e. 2 moles of the thiol are
oxidized per mole of PBC reduced. The
stoichiometry was also confirmed from iodometric
measurements in the following manner. Reaction
mixtures with excess of oxidant were allowed to go
to completion and analysed for the oxidant
consumed. These results also gave a 1:2
stoichiometry. The overall reaction can, therefore,
be written as Eq. (1).
2 R-S-H + Cr02BrOPyH~R-S-S-R + Hp + CrOBrOPyH
(1)
Kinetic measurements
The reactions were followed under pseudo-first-
order conditions by keeping a large excess (x 15 or
greater) of the thioacid over PBC. The temperature
was kept constant to ±O.l K. The solvent was DMF ,
unless specified otherwise. The reactions were
followed by monitoring the decrease in the
concentration of PBC spectrophotometric ally at 358
nm for up to 80% of the reaction. The pseudo-first-
order rate constants, kObs> were evaluated from the
linear (r = 0.990 - 0.999) plots of log [PBC] against
time. Duplicate kinetic runs showed that the rate
constants were reproducible to within ±3%.
Multivariate and simple linear regression analyses
were carried out by the method of least-squares
using a personal computer.
Results and Discussion
The reaction is first order with respect to PBC.
Further, the rate constant is independent of the
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initial concentration of PBC. The rate increases with
an increase in the [thioacid] but not linearly (Table
I). A plot of lIkobs against lI[thioacid] is linear with
an intercept on the rate ordinate. Thus the reaction
exhibits Michaelis-Menten type kinetics with
respect to substrate. This indicates the following
broad mechanism (Eqs. 2 and 3) and rate law (4).
Thioacid-i- PBC: , : . [Complex] (2)
[Complex] ~Product (3)
Rate = k, K [Thioacid] [PBC] / (l + K [Thioacid])
... (4)
The variation in substrate concentration was
studied at four temperatures and the values of k2 and
K were determined by the double reciprocal plots.
Table I-Rate constants for the oxidation ofthioacids by PBC at
318 K
l O'[Thioacid] I03 [PBC) 103 kOOs (S·I)
(mol dm") (mol dm") TGA TLA TMA
2.0 1.0 1.17 1.06 0.76
4.0 1.0 2.09 1.98 1.49
6.0 1.0 2.83 2.65 2.22
10.0 1.0 4.11 4.08 3.49
'20.0 1.0 5.55 6.30 6.47
30.0 1.0 6.38 7.81 9.00
30.0· 1.0 6.42' 7.77' 9.21'
10.0 0.5 4.15 4.06 3.55
10.0 2.0 4.21 4.11 3.45
10.0 3.0 4.06 4.12 3.39
10.0 5.0 4.25 4.08 3.47
• Contained 0.00 I M acrylonitrile
The thermodynamic parameters for the complex
formation and the activation parameters for its
decomposition were calculated (Tables II and III).
The errors quoted in the values of thermodynamic
and activation parameters are the standard
deviations.
The oxidation of thioacids, in an atmosphere of
nitrogen, failed to induce polymerization of
acrylonitrile. Further, the addition of acrylonitrile
did not affect the rate (Table I). This indicates that a
one-electron.oxidation, giving rise to free radicals, is
unlikely in the present reaction ..
The oxidation of thiolactic acid was studied in 19
different solvents. The choice of solvent was limited
due to the solubility of PBC and its reaction with
primary and secondary alcohols. There was no
reaction with the solvents chosen. The kinetics were
similar in all the solvents. The K and k2 values are
recorded in Table IV. It was observed that the values
of K do not depend much on the nature of solvent,
whereas the rate constants of the decomposition, k2'
show considerable variation ..
The correlation of the rate constants, k2' in
eighteen solvents (CS2 was not considered as the
complete range of solvent parameters was not
available) in terms of linear solvation energy
relationship (Eq. 5) of Kamlet et al.\0 is not
significant.
log k2 = ~ + p1t. + au + bP ... (5)
Table II--Formation constants and thermodynamic parameters ofthioacid-PBC complexes
TA Kldm3mol-1 /ili ss so at 298 K
298 K 308K 318K 328 K (kJ mol:') (J mol-IK-I) (kJ mol ")
TGA 12.5±0.3 1O.1±0.2 6.75±O.16 4.95±0.1 -28.1±1.I -65±5 -8.86±1.l
TMA 3.00±O.O8 1.73±0.07 1.01±0.04 0.60±0.03 -46.l±O.3 -138±1 -5.24±0.2
TLA 9.21±0.40 6.14±0.32 4.22±0.18 2.55±0.11 -36.9±1.2 -97±4 -8.07±1.0
Table Ill-e-Rates of decomposition and activation parameters of the thioacid-PBC complexes
TA 103~ IS-I /ili# b.S# so: at 298 K
298K 308K 318K 328K (kJmol-l) (J moI-'K -I) (kJ mol")
TGA 3.68±O.1l 6.07±O.l5 9.85 ±O.20 15.4±O.28 36.2±O.1 -171±1 86.9±0.1
TMA 18.1±1.1 26.7±I.6 38.8±2.0 56.3±2.3 28.2±0.3 -184±1 83.0±0.2
TLA 6.35±O.31 9.39±0.48 13.6±O.6 19.7±O.8 28.3±O.1 -193±1 85.6±O.1
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Table IV-Equilibrium and rate constants for the oxidation of



























































The data on the solvent effect were analysed in
terms of Swain's equation II (Eq.6) of cation- 'and
anion-solvating concept of the solvents also.
log k2 = aA + bB + C . .. (6)
A represents the anion-solvating power of the
solvent .and B the cation-solvating power. C is the
intercept term. (A +B) is postulated to represent the
solvent polarity. The rates in different solvents were
analysed in terms of Eq. (6), separately with A and
B and with (A + B).
log k2 = 0.86(±0.01) A + 1.35(1-0.01) B-4.70 ... (7)
R2 = 0.9994; sd = O.OI;n = 19; \If = 0.02
Here n is the number of data points and \If is Ex-
ner's statistical parameter".
The rates of decomposition of the complex in
different solvents showed an excellent correlation in
Swain's equation [cf Eq.(7)] with both cation and
anion-solvating powers contributing towards the
observed effect of the solvents. However, the
contribution of the cation-solvation is relatively
greater. A correlation with B alone showed that the
cation-solvation accounts for ca. 81% of the data.
The solvent polarity, represented by (A -f: B),
accounted for ca. 95% of the data. In view of the
fact that solvent polarity is able to account for ca.
95% of the data, an attempt was made to correlate
the rate with the relative permittivity of the solvent.
It was observed that a plot of log (rate) against the
inverse of the relative permittivity is not linear (r' =
0.5774; sd = 0.25; \If= 0.50). This showed that
solvent polarity, as defined by Swain et 'al.II, and
relative permittivity do not represent the same
solvent property.
Mechanism
The formation of a moderately stable
intermediate complex, in the pre-equlibrium, is
indicated by the small negative value of free energy
of the formation of the intermediate. Since the value
of the formation constant, K, does not vary much
with solvent, it seems that the formation of the
intermediate does not involve much change in the
charge density. Therefore, a mechanism involving
formation of a thioester in the pre-equilibrium and
its subsequent decomposition in the slow step, to
form sulphenium ion, is proposed (Scheme I).
Formation of an ester intermediate is well-
established in Cr(VI) oxidations 13. In the oxidation
of benzyl alcohols by PBC also, the formation of an
ester intermediate in a pre-equilibrium has been
proposed.' Similarly, oxidation of thioacids by
pyridinium fluorochromate" also reported to
involve a thioester intermediate in the oxidation
process. Formation of a sulphenium cation in the
rate-determining step is' in accord with the observed
solvent effect. This also indicates the formation of a
transition state which is more polar than the
reactant. The observed large negative entropy of
activation also supports atransition state more polar















R-St + R-S-H ~ R-S-S-R + HT
- fast
[HOCrOBrOPyH] +H+ -- CrOBrOPyH + H:z0
R-S+ + [HOCrOBrOPyHr
Scheme. I
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ends in the transition state results in a higher degree 5
of solvation. Thus a large number of solvent
molecules are immobilized. This leads to a decrease
in the entropy.
Thanks are due to the Council of Scientific and 7
8
Industrial Research (India) for their financial
support.
References
I Narayanan N & Balasubramanian T R, Indian J Chern ,
25B, 1986,229.
2 Pareek A, Kothari S & Banerji K K, Indian J Chem , 34B,
1995,968.
3 Apama P, Kothari S & Banerji K K, J Chern Res (S),
1994,367; (M) 2123.
4 Grover A, Varshney S & Banerji K K, Indian J Chern ,
33A, 1994,622.
Rathore S, Sharma P K & Banerji K K, J Chern Res (S),
1994,504.
6 Leussing D L & Kolthoff I M, J Electrochern Soc , 100,
1953,334.
Krammer H,J Assoc Off Agric Chern, 35,1952,385 ..
Perrin D D, Armarego W L & Perrin D R, in Purification
of organic compounds (Pergamon Press, Oxford), 1966.
9 Kapoor R C, Kachhwaha °P & Sinha B P, J PhysChem ,
73, 1969, 1627; Indian J Chern, 10, 1972,499.
10 Katnlet M J, Abboud J L M, Abraham M H & Taft R W, J
Org Chern, 48,1983,2877.
11 Swain C G, Swain M S, Powell A L & Alumni S, JAm
Chern Soc, 105,1983,502.
Exner 0, Colin Chern Czech Comrnun , 31, 1966, 3222.
Wiberg K B, in Oxidation in organic chemistry (Academic.
Press, New York), Part A, 1964.
14 Agarwal S, Chowdhury K & Banerji K K, Transition Met
Chern, 16,1991,661.
12
-13
